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PURPOSE:To provide an electron tube having 
high electron collection efficiency. 
CONSTITUTION:An accelerating electrode 
portion 244 projected at the through hole 242 of a 
dynode 24 on the upper stage is provided at the 
edge of the input opening 243 of each through 
hole 242 arranged in each dynode 24. A braking 
electric field that guides secondary electrons from 
the upper stage is thrust up by the accelerating 
electrode portion 244 and enters deep into the 
through hole 242 of the dynode on the upper 
stage. Therefore, the intensity of the braking 
electric field entering the through hole 242 is 
increased, and the secondary electrons emitted 
can surely be guided to the dynode 24 on the 
next stage. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the electron tube equipped with the electron multiplier which carries out multiplication of 
the incidence electron flow by secondary electron emission Towards the incidence side of said electron 
flow, said electron multiplier carries out the laminating of the dynode to two or more steps, and is 
constituted. To said each dynode The electron tube which array formation of two or more through tubes 
which use the end by the side of the incidence of said electron flow as input opening, and use the other 
end as output opening is carried out, and is characterized by preparing the accelerating-electrode section 
projected towards said through tube of said dynode of an upper case in the edge of said input opening. 
[Claim 2] Said accelerating-electrode section is the electron tube according to claim 1 characterized by 
having entered the interior of said through tube of said dynode of an upper case. 
[Claim 3] Said electron tube is the electron tube according to claim 1 or 2 characterized by being the 
photomultiplier tube which amplifies the photoelectron emitted in response to the incident light child. 
[Claim 4] Said electron tube is the electron tube given in either of claim 1 to claims 3 characterized by 
being the image intensifier which carries out brightness multiplication of the input light figure. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electron tube equipped with the electron multiplier 
which carries out multiplication of the incidence electron flow by secondary electron emission. 
[0002] 

[Description of the Prior Art] Conventionally, the thing of JP,5- 182631, A is known as a technique of 
such a field. The cross-section structure of the dynode of the conventional electron tube indicated by this 
official report is shown in drawing 6 . This drawing shows n steps which continue among the dynodes 
accumulated on two or more steps in the condition of having insulated electrically, and n+1 step. 
[0003] The dynode 100 has the plate 102 in which two or more through tubes 101 were formed, and it is 
reversing the arrangement location of a plate 102 for every stage so that the inclination of a through tube 
101 may be reversed for every stage. Each through tube 101 serves as aperture which the output opening 
104 becomes size compared with the input opening 103. moreover, the dynode 100 of each stage ~ the 
next step — one after another, with the stage, one by one, the predetermined electrical potential 
difference is impressed to the plate 102 of each stage according to the power source 105 of each stage so 
that it may become high potential. In this case, it is VI =100V and V2 =200V. All the front faces of a 
plate 102 are charged in this potential with the electrical potential difference to which this plate 102 is 
impressed from a power source 105 since the front face of each through tube 101 has conductivity. 
[0004] When an electron carries out incidence to n steps of the dynode 100 constituted as mentioned 
above, the electron which carried out incidence to this through tube 101 collides with a ramp 106, and a 
secondary electron is emitted from the secondary-electron-emission layer formed in this ramp 106. The 
emitted secondary electron is led to the braking electric field formed of n steps and n+1 step of potential 
difference, carries out incidence to n+1 step of dynode 100, and is amplified again similarly. 
[0005] In addition, it is indicated by JP,2-291654,A, JP,2-291655,A, etc. about the conventional electron 
tube. 
[0006] 

[Problem(s) to be Solved by the Invention] Here, a dotted line shows the distribution condition of the 
potential between n steps and n+1 step to drawing 6 . As a representative, the equipotential line of 120V, 
150V, and 180V is shown, and it is referred to as A, B, and C, respectively. The equipotential line B is 
located in n steps and n+1 step of middle, and the equipotential line A curves in n steps of through tubes 
101, and the equipotential line C curves in n+1 step of through tube 101, respectively, and it is in the 
condition of entering. As mentioned above, each through tube 101 serves as aperture which the output 
opening 104 becomes size compared with the input opening 103, and, for this reason, the enter lump 
into a through tube 101 is [ the direction of the equipotential line A ] deep compared with the 
equipotential line C. 

[0007] Thus, if an enter lump of the equipotential line A into a through tube 101 is deep, the braking 
electric field of the through tube 101 interior will become strong, and the secondary electron 107 emitted 
from the lower part of the ramp 106 of n steps of dynodes 100 will be led to n+1 step of dynode 100. 
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[0008] However, even if it was the conventional electron tube with which the device was given to the 
configuration of a through tube 101 in this way, in order to have led the secondary electron 108 emitted 
from the upper part of the ramp 106 of a dynode 100 to n+1 step of dynode 100, the enter lump of the 
equipotential line A into a through tube 101 was inadequate. Consequently, the secondary electron 108 
emitted from the upper part of a ramp 106 returned to the n step side in many cases, and was set to one 
of the causes to which electronic collector efficiency is reduced. 

[0009] This invention is made that the above-mentioned fault should be solved, and the purpose is in 
offering the electron tube with which electronic collector efficiency has been improved by making 
braking electric field enter the interior of a through tube deeply. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the electron 
tube of this invention is equipped with the electron multiplier which carries out multiplication of the 
incidence electron flow by secondary electron emission, and towards the incidence side of an electron 
flow, this electron multiplier carries out the laminating of the dynode to two or more steps, and is 
constituted. Array formation of two or more through tubes which use the end by the side of the 
incidence of an electron flow as input opening, and use the other end as output opening is carried out, 
and the accelerating-electrode section projected towards the through tube of the dynode of an upper case 
is prepared in the edge of input opening at each dynode. 

[001 1] Here, the accelerating-electrode section may enter the interior of the through tube of the dynode 

of an upper case. 

[0012] 

[Function] According to the electron tube of this invention, the accelerating-electrode section projected 
towards the through tube of the dynode of an upper case is prepared in the edge of input opening of the 
through tube by which array formation was carried out at each dynode. The braking electric field which 
draw a secondary electron from an upper case are pushed up by the accelerating-electrode section, and 
they are formed so that the interior of the through tube of the dynode of an upper case may be entered 
deeply. 
[0013] 

[Example] Hereafter, one example of this invention is explained with reference to an accompanying 
drawing. The flank sectional view showing the configuration of the electron tube which drawing 1 
requires for this example, and drawing 2 are the plans showing the configuration of the electron tube 
concerning this example. From drawing 1 and drawing 2 , the electron tube of this example has the 
configuration in which the electron multiplier 20 which carries out multiplication of the incidence 
electron flow was arranged in the interior of the cylindrical shape-like vacuum housing 10. The vacuum 
housing 10 consists of a metal by-pass 1 1 of a cylindrical shape, a circular light-receiving face-plate 12 
formed in the end of the metal by-pass 11, and a circular stem 13 which constitutes the pedestal prepared 
in the other end of the metal by-pass 11. Photoelectric cathode 21 is formed in the inferior surface of 
tongue of the light-receiving face-plate 12, and the convergence electrode 22 is arranged between this 
photoelectric cathode 21 and electron multiplier 20. 

[0014] An electron multiplier 20 carries out the laminating of the dynode 24 which has many electronic 
multiplication holes 23, and is constituted, and the anode 25 and the dynode 26 of the last stage are 
arranged in order by the lower part of these dynodes 24. 

[0015] It connected with the external electrical-potential-difference terminal, and a total of 12 stem pins 
14 which give a predetermined electrical potential difference to each dynodes 24 and 26 etc. have 
penetrated the stem 13 used as a pedestal. Each stem pin 14 is being fixed to the stem 13 with hermetic 
taper- like glass 15. Moreover, each stem pin 14 has the die length which results in the dynode which 
should be connected, and the resistance welding of the tip is carried out to the corresponding connection 
terminal (not shown) of each dynodes 24 and 26. 

[0016] The light 30 which carried out incidence to the light-receiving face-plate 12 excites the electron 
in the photoelectric cathode 21 at the bottom, and emits a photoelectron into a vacuum. It converges the 
photoelectron emitted from photoelectric cathode 21 on the dynode 24 of the maximum upper layer with 
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the grid- like convergence electrode 22 (refer to drawing 2 ), and secondary multiplication is performed. 
The secondary electron emitted from the dynode 24 of the maximum upper layer is given to each lower 
layer dynode 24, and repeats secondary electron emission, and the secondary electron group emitted 
from the dynode 26 of the last stage is taken out from an anode 25. And the taken-out secondary electron 
group is outputted outside through the stem pin 14 connected with the anode 25. 
[0017] Next, the structure of the dynode 24 which is the description part of this example is explained 
using the perspective view of drawing 3 . This drawing takes out and shows n steps which continue 
among the dynodes accumulated on two or more steps, and n+1 step in the condition of having insulated 
electrically, plate 241 with which, as for a dynode 24, a front face has conductivity having --**** — 
plate 241 ****-- array formation of two or more electronic multiplication holes 23 is carried out 
regularly. Plate 241 Input opening 242 of the rectangle which serves as an end of the electronic 
multiplication hole 23 on the top face Output opening 243 of the abbreviation square which is formed 
and serves as the other end of the electronic multiplication hole 23 on the inferior surface of tongue It is 
formed. Furthermore, input opening 242 of each electronic multiplication hole 23 In a edge, it is the 
accelerating-electrode section 244 of a rectangular parallelepiped configuration. It is prepared. 
[0018] Each electronic multiplication hole 23 is the input opening 242. It compares and is the output 
opening 243. Area is large and it is the output opening 243. It goes and has become the spreading 
rectangular pipe configuration, moreover, the electronic multiplication hole 23 — input opening 242 
from ~ it is made to incline to the direction of incidence of the electron which carries out incidence, and 
forms - having — **** — input opening 242 among the medial surfaces of the electronic multiplication 
hole 23 from - the inclination part with which the electron which carried out incidence collides — 
secondary electron zona radiata 245 It is formed. Secondary electron zona radiata 245 Vacuum 
deposition of antimony (Sb) is given and alkali is made to react. Moreover, secondary electron zona 
radiata 245 Plate 241 The quality of the material can be set to CuBe, and it can also activate and form in 
oxygen. 

[0019] n steps and n+1 step of die note 24 is a plate 241 so that the inclination of the electronic 
multiplication hole 23 may be reversed. It is made mutually reversed and the laminating of the 
arrangement location is carried out. Furthermore, n+1 step of accelerating-electrode section 244 It is 
made to enter in n steps of electronic multiplication holes 23. Here, it is the accelerating-electrode 
section 244. Die length of one side of a longitudinal direction is the output opening 243. Since it is 
formed so that it may become shorter than die length of one side, it is n+1 step of accelerating-electrode 
section 244. n steps of output openings 243 It does not contact. Thus, the accelerating-electrode section 
244 The braking electric field which draw a secondary electron can be made to enter the electronic 
multiplication hole 23 interior deeply by making it enter in the electronic multiplication hole 23. 
[0020] Drawing 4 is drawing showing the distribution condition of the potential of n steps and n+1 step 
of dynode 24. The electrical potential difference of V2=200V shall be impressed to VI =100V and n+1 
step of dynode 24 at n steps of dynodes 24, respectively. Like the above-mentioned conventional 
example (refer to drawing 6 ), the equipotential line of 120V, 150V, and 180V is shown as a 
representative, and it is referred to as A, B, and C, respectively. 

[0021] In this case, the equipotential line C has curved and entered into n+1 step of electronic 
multiplication hole 23 from the input opening 242. moreover, n+1 step of accelerating-electrode section 
244 projected in n steps of electronic multiplication holes 23 to n steps of electronic multiplication holes 
23 the equipotential line pushes up - having — the equipotential lines A, B, and C — output opening 243 
from - it has curved and entered. Especially the equipotential line A is formed in the condition of 
entering deeply the electronic multiplication hole 23 interior of n steps. 

[0022] Therefore, output opening 243 When area is measured as the same, the equipotential line, i.e., the 
braking electric field which draw a secondary electron, can be made to enter the electronic 
multiplication hole 23 interior deeply compared with the conventional example (to refer to drawing 6 ) 
in which the accelerating-electrode section 244 is not formed. For this reason, secondary electron zona 
radiata 245 which was not able to be led to the dynode 24 of the lower berth in the conventional 
example by the braking electric field of the electronic multiplication hole 23 interior becoming strong 
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Even if it is the secondary electron emitted from the upper case, it can lead to the dynode 24 of the lower 
berth certainly. Thereby, electronic collector efficiency improves. 

[0023] Drawing 5 is drawing showing the dimension like n steps and n+1 step of each part of a dynode 
24. This drawing shows that the dynode 24 of each stage vacates spacing of 0.09mm, and the laminating 
is carried out. Moreover, the accelerating-electrode section 244 The accelerating-electrode section 244 
which both width of face and thickness are 0.12mm, and adjoins It turns out that spacing is 1.0mm. 
Furthermore, the dynode 24 consists of three plates 241 1-2413, and it turns out that the thickness of each 
plates 241 1-2413 is 0.18mm, 0.25mm, and 0.25mm, respectively. 

[0024] Although the example explained above showed the photomultiplier tube as the electron tube 
equipped with the electron multiplier, this inventions should just be the electron tubes equipped with the 
electron multiplier which carries out multiplication of the incidence electron flow according to a 
secondary-electron-emission operation, such as an electron multiplier and an image intensifier which 
carries out brightness magnification of the input light figure, without being limited to the 
photomultiplier tube. 

[0025] Moreover, although the area of output opening is large compared with input opening and the 
electronic multiplication hole has the rectangular pipe configuration which spreads toward output 
opening in this example, area of input opening and output opening may be made the same, and you may 
have the rectangular pipe configuration with the parallel field which counters. Furthermore, a cylindrical 
shape-like is sufficient as the configuration of an electronic multiplication hole, without being limited to 
an rectangular pipe configuration, in this case - input opening and output opening are circular - 
becoming - the path of input opening and output opening - being the same - the path of output 
opening may be larger. The configurations of input opening and output opening may differ, for example, 
input opening may be circular further again, and output opening may be a square. 
[0026] Moreover, although the accelerating-electrode section of a rectangular parallelepiped 
configuration is used in this example, a cross section may be the prism of the shape of the shape of a 
triangle, or horseshoe shape, without limiting the accelerating-electrode section to a rectangular 
parallelepiped configuration. Furthermore, in this example, although the accelerating-electrode section 
has entered in the electronic multiplication hole of an upper case, it does not need to enter in the 
electronic multiplication hole. Even if it compares the accelerating-electrode section and it does not 
enter in the electronic multiplication hole of an upper case that what is necessary is just to have 
projected from the top face of a plate towards the electronic multiplication hole of an upper case, it can 
push up braking electric field so that the interior of an electronic multiplication hole may be entered 
deeply. 
[0027] 

[Effect of the Invention] Since the accelerating-electrode section is prepared in the edge of input 
opening of the through tube of each dynode if it is the electron tube of this invention as explained to the 
detail above, the braking electric field which draw a secondary electron from an upper case are pushed 
up so that the interior of the through tube of the dynode of an upper case may be entered deeply. For this 
reason, the reinforcement of the braking electric field which enter the interior of a through tube 
increases, the emitted secondary electron can be certainly led to the dynode of the next step, and, 
thereby, its electronic collector efficiency improves. 
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* NOTICES * 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flank sectional view showing the configuration of the electron tube concerning this 
example. 

[Drawing 2] It is the plan showing the configuration of the electron tube concerning this example. 
[Drawing 3] It is the sectional view taking out and showing two steps which continue among two or 
more steps of dynodes which constitute an electron multiplier. 

[Drawing 4] It is drawing showing the distribution condition of the potential of two steps of continuous 
dynodes. 

[Drawing 5] It is drawing showing the dimension like each part of a dynode. 
[Drawing 6] It is the sectional view showing the conventional electron multiplier. 
[Description of Notations] 

10 [ — A stem, 14 / - A stem pin, 15 / - Hermetic glass, 20 / — An electron multiplier, 21 / - 
Photoelectric cathode, 22 / - A convergence electrode, 23 / -- 24 An electronic multiplication hole 26 / - 
- A dynode, 241, 241 1-2413 / — A plate and 242 / - Input opening and 243 - Output opening and 244 — 
The accelerating-electrode section and 245 - / - Light. / Secondary electron zona radiata, 25 — An 
anode 30 ] - A vacuum housing, 1 1 - A metal by-pass, 12 ~ A light-receiving face-plate, 13 
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DRAWINGS 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 5] 



http ://www4.ipdl.j po . go j p/cgi-bin/tran_web_cgi_ejj e 



9/13/2004 



Page 3 of 3 




[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



9/13/2004 



